A flow injection manifold is proposed for the sequential determination of titratable (total) acidity based on a pseudotitration and of tartaric acid based on the formation of a coloured vanadate complex. The method involves in-line dialysis prior to injection to avoid interference from the sample background absorption in the spectrophotometric detection. The changes in the colour of both reactions were monitored using two flow cells aligned in the optical path of a single spectrophotometer. Wine samples were analysed without any sample pre-treatment; table wines in the range 1-10 g l 21 (total acidity) and 0.5-4 g l 21 (tartaric acid) and port wines in the range 1-8 g l 21 (total acidity) and 0.5-5 g l 21 (tartaric acid). Sixteen samples can be measured per hour, and the results were comparable to those obtained by reference procedures for both determinations. RSDs (n = 10) generally lower than 3% were obtained.
Wines contain the acids of must and a number of acids produced during and after alcoholic fermentation. 1 Acids play an important role in keeping the wines microbiologically and chemically stable. Tartrate is usually the most significant part of the acid fraction of grapes and wines, strongly influencing the pH. Therefore, it has a large effect on the colour, taste and stability of the product. 1 The determination of tartaric acid is also of interest in stability studies, since it forms complexes with potassium and calcium and the resulting precipitate may cause undesirable deposits in the bottle. 2 Titratable (total) acidity in wines is usually determined by acid-base titration with either visual or potentiometric detection. 3, 4 Other methods for this determination in different products were reviewed by Berezin et al. 5 The tartaric acid can be determined by acid-base titration after isolation of the analyte from the wine by precipitation as the racemate 3 or hydrogentartrate. 4 A spectrophotometric method based on the formation of a coloured complex with vanadate in a slightly acidic medium has also been described, 6 the acid being previously isolated by using an ion-exchange column. Other spectrophotometric methods have been employed, involving decolorisation with charcoal 1 (Rebelein method) or with a resin adsorption column 7 to avoid the interference of the sample matrix. Alternatively, a modified Rebelein method was suggested, 1, 8 in which a correction is made for the colour of the wine by running a blank rather than using charcoal to remove the colour.
To automate the determination of total acidity and tartaric acid in wines, some flow injection (FI) systems have been proposed. Peris-Tortajada et al. 9 developed two manifolds for the determination of total acidity in wines based on spectrophotometric detection, using different indicator solutions. Regarding tartaric acid determination, Lázaro et al. 10 described a flow injection method based on the colorimetric reaction with vanadate, with wine dilution before injection.
In this work, a single flow injection system is proposed for carrying out both determinations without any previous sample treatment. The measurement of total acidity is based on a pseudotitration and that of tartaric acid is based on coloured vanadate complex formation. This methodology involved inline dialysis prior to injection to dilute the samples and to avoid interference from the sample matrix in the spectrophotometric detection. In order to use a single spectrophotometer, the colour changes from both reactions were monitored using two flow cells aligned in the optical path.
Experimental

Reagents and solutions
Reagents of analytical-reagent grade and de-ionized water were used.
Working standard solutions of tartaric acid were prepared in the range 0.5-10 g l 21 by dilution of a stock standard solution (100 g l 21 ). Standards also contained 10 or 20% v/v of ethanol for analyses of table or port wines, respectively.
For the total acidity determination by flow injection analysis, 75 ml of 1 mol l 21 NaOH solution was diluted to 250 ml (solution Q 2 , Fig. 1 ). The solution was prepared daily with previously boiled water. For the indicator stream (Q 3 , Fig. 1 ), 1.5 ml of 2% m/v phenolphthalein solution was diluted to 1 l with warm water; this solution was stable for two working days.
In the flow system for the tartaric acid determination, the Q 6 stream ( Fig. 1) Fig. 1 ) was also used.
For the reference determination of total acidity, a 0.1 mol l 21 NaOH solution and a 2% m/v phenolphthalein indicator solution were used.
For the reference determination of tartaric acid, a 30% v/v acetic acid solution (Sol. I) was prepared. A 1 l volume of vanadate solution (Sol. II) contained 10 g of NH 4 VO 3 , 150 ml of 1 mol l 21 NaOH and 200 ml of 27% m/v sodium acetate. Ammonium chloride solution was prepared by dissolving 4.5 g of NH 4 Cl in 150 ml of 1 mol l 21 NaOH and 200 ml of 27% m/v sodium acetate and diluting to 1 l. One volume of the ammonium chloride solution was added to one volume of Sol. I to form Sol. III. The pH was adjusted to the pH of the mixture of equal volumes of Sol. I and Sol. II.
Apparatus
For the flow injection system, a ATI Unicam (Cambridge, UK) Model 5625 UV/VIS spectrophotometer, equipped with two Hellma (Müllheim/Baden, Germany) Model 178.711-QS flow cells (inner optical volume 30 ml), connected to a Metrohm (Herisau, Switzerland) E586 Labograph recorder, was used. The manifold consisted of Gilson (Villiers-le-Bel, France) Minipuls 3 peristaltic pumps, an injector commutator device, 11 a well stirred mixing chamber 12 and a dialysis unit 13 
Flow Injection Procedure
A schematic diagram of the developed system is depicted in Fig 1 .
In the position shown in Fig. 1 (determination of tartaric acid), the sample (S) flowed continuously on the donor side of the dialysis unit (DU). The species diffusing across the membrane were taken by the acceptor stream (Q 1 ) to the injection loop (LA) of the total acidity channel. Meanwhile, the sample in loop LB was injected into a water carrier stream (Q 4 ) and merged in a confluence with a previously mixed buffer containing the chromogenic vanadate reagent. The reaction took place inside tube R 3 , resulting in a change in the absorbance that was measured in one flow cell in the spectrophotometer.
By switching the commutator (position corresponding to the total acidity measurement), the second injection loop (LB) was filled with the dialysate, while the sample in loop LA was injected into the reagent stream consisting of a mixture of NaOH (Q 2 ) and a phenolphthalein indicator solution (Q 3 ). The stream passed through a mixing chamber (MC) where the reaction between the alkaline solution and the sample acids proceeded. The resulting concentration profile was monitored in another flow cell, also placed in the optical path of the same spectrophotometer. With this arrangement, the two sample zones reached the detector at different times, therefore the recorded change in absorbance could be related separately to the two determinations.
The determination of tartaric acid was based on peak height and that of total acidity on peak width measurements at a pre-set absorbance value (A = 20.050). The width of this concentration profile was (in a limited range) a logarithmic function of the total acid concentration. 14 The wine samples were aspirated into the system without previous treatment and were injected in triplicate.
Reference procedures
In order to assess the quality of the FI results, the total acidity and tartaric acid determinations were carried out in a conventional way. The reference method for the determination of total acidity was the recommended AOAC method, 4 where the degassed sample was titrated with standardised 0.1 mol l 21 NaOH to the end-point at pH 8.2.
For the tartaric acid determination, the modified Rebelein procedure was carried out as described by Amerine and Ough. 1 A 1 ml volume of standard or wine was added to a mixture of 10 ml of Sol. I and 10 ml of Sol. II. A blank for the colour of the vanadate in acidic media was prepared in the same way, but using 1 ml of water instead of standards or samples. After 15 min, the absorbance was measured at 500 nm. The net absorption was calculated as the difference between the two readings. A calibration curve was prepared with solutions of tartaric acid in the range 1-5 g l 21 . For red wines, 1 ml of sample was mixed with 20 ml of Sol. III and the measured absorbance value was subtracted from the net absorption as a blank value for the colour of the wine.
Results and discussion
The manifold was designed and optimised in order to allow the determination of both total acidity and tartaric acid in the concentration ranges usually found in wines: 1 between 4 and 9 g l 21 (expressed as tartaric acid) for total acidity and between 0.5 and 5 g l 21 for tartaric acid.
The wavelength was set to 500 nm, as recommended in the modified reference Rebelein procedure, which also allowed the absorbance decrease of the indicator solution to be monitored in the total acidity determination. A Single-parametric optimisation procedure was used, varying the chemical and the hydrodynamic parameters of the system. Table 1 shows the ranges over which each variable were studied and the chosen values.
In-line dialysis process
The dialysis process was optimised to accomplish reproducible dilution and to minimise the amount of coloured compounds passing through the membrane. This was achieved by using a dialysis unit with a large membrane surface and low flow rates in the two channels (both 0.35 ml min 21 ). Additionally, a smaller diameter (0.5 mm) tube (length 20 cm) was connected to the exit of the donor stream, to balance the pressure of the acceptor side and in this way to avoid bulging of the membrane.
It was observed that the amount of acid passing through the membrane was dependent on the ethanol concentration in the sample. However, no significant difference was found when this effect was studied between the limits for table wines (8 to 12% v/v ethanol) and port wines (18-23% v/v ethanol). Therefore, the standard solutions for table and port wine analyses were prepared in 10 and 20% v/v ethanol solution, respectively. Under these conditions, the same membrane was used for 3 months with no decrease in sensitivity or reproducibility.
Total acidity determination
The parameters involved in the flow injection titration were selected to obtain the necessary linear range (time interval versus logarithm of concentration) with good sensitivity, which was dependent on the peak width. At the same time, the peak height had to be sufficient to allow peak width measurements.
Although the peak width increased with increasing injection volume, the sensitivity did not change significantly in the range studied (25-150 ml). Therefore, a small injection volume (25 ml) was chosen to provide a higher sampling frequency. A flow rate of 3 ml min 21 was found to give a good compromise between precision and sample throughput.
The mixing chamber was used to provide an exponential dispersion profile, on which the peak width measurement was based. 14 The use of a mixing chamber with a volume of 350 ml yielded a calibration curve with a wide linear range (1-10  g l 21 ) .
One of the most important factors affecting the sensitivity of the flow injection titration was the composition of the titrant solution. In a first approach, the carrier (titrant) contained NaOH and the indicator previously mixed. However, this solution with a low NaOH concentration decolorised with time, resulting in a baseline drift and decreasing peak height. To avoid this problem, an option was provided to mix in-line the NaOH (Q 2 ) and indicator solutions (Q 3 ). The peak width increased with decreasing NaOH concentration; an NaOH concentration of 3 3 10 24 mol l 21 was chosen. For lower concentrations it was difficult to measure the peak width as the peak height decreased drastically. The concentration of phenolphthalein was set to 0.03 g l 21 . Although the analytical signal increased with increasing indicator concentration, solubility limitations prevented a further increase. A tube of length 50 cm (R 1 ) was used to obtain sufficient mixing and a stable baseline.
Tartaric acid determination
The injection volume was set to 200 ml, as larger volumes shortened the linear range of the determination. The flow rate (1.4 ml min 21 ) and the length of the reactor R 3 (260 cm) were selected to provide a good sampling rate and sensitivity.
The concentration of NH 4 VO 3 in the reagent buffer stream was 1.3 mol l 21 , corresponding to maximum sensitivity. As reported previously, 10 the presence of a low concentration (2.4 3 10 23 mol l 21 ) of tartaric acid in the reagent stream improved the sensitivity and increased the linear range; higher concentrations led to a diminished signal. The buffer solution was obtained in-line by mixing 0.8 mol l 21 NaOH solution in Q 6 and 1.4 mol l 21 acetic acid in Q 5 .
After the optimisation of each determination, the time interval between commutations was studied, and was set to 1 min (Fig. 2) . A shorter time interval decreased the sensitivity for the tartaric acid determination, owing to the overlapping of the two signals.
Application to wine analysis
Under the optimised conditions, some working features of the method are presented in Table 2 .
The developed system was used in the determination of the total acidity and the tartaric acid content of various types of Portuguese wines (red and white), both table and port. A regression analysis (C FI = C 0 + s C REF. ) was performed and the results are presented in Table 2 . These figures indicate good agreement between the developed and the reference procedures, as the slope and the intercept do not differ significantly from the values 1 and 0, respectively. 16 The calculated t values (0.576 for total acidity and 1.603 for tartaric acid) also showed that the two methods are not significantly different at the 95% confidence level. The precision of the developed methodology, expressed in terms of relative standard deviation (Table 2) , was better than 3%, with the exception of port wines with very low tartaric acid concentrations (0.56 and 0.62 g l 21 ).
In conclusion, the developed manifold provides an advantageous method compared with previously described flow injection procedures, as it allows total acidity and tartaric acid determinations to be performed using a single manifold and a single spectrophotometer. Additionally, no sample pre-treatment is required and good accuracy and precision are achieved. The method allows the determination of both parameters over the concentration ranges expected in wines. It should also be pointed out that the sampling rate of > 16 h 21 corresponds to at least 32 determinations per hour.
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